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REMARKS 

Upon entry of the above amendments, claims 28-42 are pending in the application. 

Rejections Under 35 U.S.C. § 103 
I. Claims 28, 30 and 32 

Claims 28, 30 and 32 are rejected under 35 U.S.C. §103(a) for allegedly being 
unpatentable over U.S. Pat. No. 4,193,990 ("the '990 patent") and U.S. Pat. No. 4,193,991 ("the 
'991 patent") in view of Pratelli et al, J. Vet. Diag. Invest. 11: 365-7 (1999) ("Pratelli et al"). 
Although none of the references teach or suggest the claimed MVC vaccine, the Examiner 
alleges the following: 

It would have been prima facie obvious to the person of ordinary skill in 
the art at the time the invention was made to make a vaccine for . . . [MVC]. The 
person of ordinary skill in the art would have been motivated to make a vaccine 
for . . . [MVC] because Pratelli teaches the importance of the canine pathogen, 
and reasonably would have expected success because . . . [the '990 and/or '991 
patent(s)] made a vaccine from a virulent strain of CPV. Furthermore, the 
widespread presence of antibodies to CPV-1 in the canine population indicates 
that dogs are able to mount an effective immune response to CPV-1. 

Office Action, page 4, lines 13-19. Applicants respectfully disagree with the Examiner's 
assessment. 

MVC is a totally different virus than CPV-2. Attached as Exhibit A are pages from the 
third edition (2006) of Craig E. Greene's authoritative treatise "Infectious Diseases of the Dog 
and Cat." On page 70, under Etiology, it states that "CPV-1 [a.k.a. MVC] is distinctly 
differentiated from CPV-2 by its host cell range, spectra of hemagglutination, genomic 

properties, and antigenicity CPV-1 and CPV-2 are different viruses; no homology in DNA- 

restriction sites between the two viruses has been demonstrated using several restriction 
enzymes." Under Diagnosis, it states that "CPV-1 [a.k.a. MVC] will not cross react with any of 
the serologic or fecal detection methods for CPV-2." Id 

That CPV-1 represents an entirely different virus from CPV-2 is corroborated by the 
documents identified by the Examiner in a Notice of References Cited PTO-892 form 
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accompanying an Office Action mailed on June 29, 2006. Schwartz, D. et al, Virology 302: 
219-223 (2002) ("Schwartz et al.") states that "MVC . . .[is] antigenically and genetically distinct 
form the canine parvovirus type-2 (CPV) based on antibody cross reactivity and restriction 

enzyme analysis of the viral DNA " See page 219, left column, first paragraph. Moreover, as 

evident from Schwartz et al, the skilled artisan perceives CPV-1 to be distinct from CPV-2: 
"Here we show that MVC is a distinct member of the Parvoviridae which is most closely related 
to the bovine parvovirus, although it shares only 43% identity in DNA sequence with that virus." 
See page 222, top of left column, emphasis added. 

There is a clear genetic difference between MVC/CPV-1 and CPV-2. In fact, Schwartz et 
al. seems to suggest in the last paragraph in the left column of page 222 a better way of grouping 
the class of parvoviruses: i) adenoassociated viruses, ii) rodent virus-related viruses, and iii) 
erythroviruses. Whereas the second group includes canine parvovirus (i.e., CPV-2), the authors 
include MVC in the last group. Moreover, the authors caution that this grouping is imperfect 
because "MVC is still only distantly related to the other viruses, indicating that it diverged in the 
distant past." See sentence bridging left and right columns on page 222. 

Other publications cited by the Examiner also corroborate the fact that MVC is a totally 
different virus than CPV-2. Pratelli et al., J. Vet. Diag. Invest. 11: 365-7 (1999) was cited by the 
Examiner in the PTO-892 form accompanying the Office Action mailed on March 21, 2007. 
This publication states that "[antigenic and genomic properties of MVC are distinct from those 
of canine parvovirus type 2 (CPV-2). . . ." See page 365, left column. Truyen, U., Recent 
Advances in Canine Infectious Diseases, International Veterniary Information Service (January 
2000) was also cited by the Examiner in the same PTO-892 form. This publication states that 
"[t]wo distinct parvoviruses (CPV), are now known to infect dogs- the pathogenic CPV-2, . . . 

and the 'minute virus of canines' (MVC, CPV-1) MVC, a completely different parvovirus, 

had not been associated with natural disease until 1992." See first paragraph, emphasis added. 

Both CPV-1 /MVC and CPV-2 happen to have been initially classified as parvoviruses. 
This initial taxonomic classification appears to form the principal basis of the present rejection 
alleging the obviousness of Applicants' claimed vaccine. Various publications, however, clearly 
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indicate that skilled artisans recognize that MVC and CPV-2 are entirely different viruses: they 
are genetically and antigenically distinct and diverged from each other in the distant past. CPV-2 
has been widely studied to the point where numerous vaccines are on the market. In contrast, 
prior to Applicants' invention, no MVC vaccines were available. Hence, it is unreasonable to 
expect that MVC can be made into a vaccine simply because vaccines exist for CPV-2. 

Finally, Applicants question the relevancy of the Examiner's statement regarding "the 
widespread presence of antibodies to CPV-1 in the canine population indicates that dogs are able 
to mount an effective immune response to CPV-1." Office Action, page 4, lines 17-19. The fact 
that canines have been naturally afflicted by MVC and have antibodies to this virus does not 
anticipate or render obvious Applicants' vaccine. Greene (Exhibit A) clearly shows that MVC is 
a problem for dogs: 

Once a diagnosis has been made, treatment of pups suffering CPV-1 

infection is unrewarding because of the rapid progression of the disease. 

However, mortality may be reduced by ensuring that the environmental 

temperature of newborn pups is kept warm and by adequate nutrition and 

hydration. No vaccine is available at present. 

See page 70, right column under Therapy and Prevention. Hence. CPV-1 is a problem amongst 
pups despite any widespread presence of antibodies to CPV01 in the canine population. 

Claims 28, 30 and 32 each require the presence of an MVC vaccine. Since none of the 
applied publications individually or combined teach or suggest an MVC vaccine, Applicants 
respectfully request that the Examiner reconsider and withdraw this rejection. 

//. Claims 28- 33 

Claims 28-33 are rejected under 35 U.S.C. § 103(a) for allegedly being unpatentable over 
the '990 and '991 patents in view of Pratelli et al, and further in view of U.S. Pat. No. 6,159,477 
("the '477 patent"). Although none of the references teach or suggest the claimed MVC vaccine, 
the Examiner alleges the following: 

It would have been prima facie obvious to the person of ordinary skill in 
the art at the time the invention was made to prepare a multivalent vaccine for 
canine pathogens. The person of ordinary skill in the art would have been 
motivated to add antigens from different pathogens because multivalent vaccine 
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for dogs are well known in the art and [the '477 patent] teaches vaccinating dogs 
against different canine pathogens in one vaccine. 

Office Action, page 5, lines 12-16. Applicants respectfully disagree with the Examiner's 
assessment. 

Both CPV-1/MVC and CPV-2 happen to have been initially classified as parvoviruses. 
As indicated above and fully incorporated here, present research and skill in the art, however, 
clearly recognize that these two viral types are entirely different: they are genetically and 
antigenically distinct and diverged from each other in the distant past. CPV-2 has been widely 
studied to the point where numerous vaccines are on the market. In contrast, prior to Applicants' 
invention, no MVC vaccines were available. Hence, it is unreasonable to expect that MVC can 
be made into a vaccine simply because vaccines exist for CPV-2. 

Claims 28-33 each require the presence of an MVC vaccine. Since none of the applied 
publications individually or combined teach or suggest an MVC vaccine, Applicants respectfully 
request that the Examiner reconsider and withdraw this rejection. 

///. Claims 28-42 

Claims 28-42 are rejected under 35 U.S.C. §103(a) for allegedly being unpatentable over 
the '990 and '991 patents in view of Pratelli et al, and the '477 patent, and further in view of 
Poulet et al, Vet. Record 7^:691-5(2001) ("Poulet et al") and Correa, Alabama Cooperative 
Extension System, November 2002 ("Correa"). Although none of the references teach or suggest 
the claimed MVC vaccine, the Examiner alleges the following: 

It would have been prima facie obvious to the person of ordinary skill in 
the art at the time the invention was made to vaccinate the bitch and allow the 
puppies to nurse within 24 hours. The person of ordinary skill in the art would 
have been motivated to vaccinate the pregnant bitch because Poulet teaches the 
importance for survival of the puppies. The person of ordinary skill in the art 
would have also been motivated to allow the puppies to nurse in the first 24 hours 
because Correa teaches the importance of puppies receiving colostrums to absorb 
antibodies to protect from diseases. 

The combination of references teaches the limitations of the instant 
claimed invention. 
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Office Action, page 6, line 16 to page 7, line 1. Applicants respectfully disagree with the 
Examiner's assessment. 

Both CPV-1/MVC and CPV-2 happen to have been initially classified as parvoviruses. 
As indicated above and fully incorporated here, present research and skill in the art, however, 
clearly recognize that these two viral types are entirely different: they are genetically and 
antigenically distinct and diverged from each other in the distant past. CPV-2 has been widely 
studied to the point where numerous vaccines are on the market. In contrast, prior to Applicants' 
invention, no MVC vaccines were available. Hence, it is unreasonable to expect that MVC can 
be made into a vaccine simply because vaccines exist for CPV-2. 

Claims 28-42 each require the presence of an MVC vaccine. Since none of the applied 
publications individually or combined teach or suggest an MVC vaccine, Applicants respectfully 
request that the Examiner reconsider and withdraw this rejection. 

IK Other Points 

The Examiner dismisses the shortcomings of the applied publications and the differences 
between MVC and CPV-2 on the following grounds: 

The prior art shows that dogs commonly possess antibodies to CPV-1. 
The fact that severe pathology appears to occur mostly in pups (with undeveloped 
immune systems) further suggested that adults are able to mount an effective 
immune response to the virus. Therefore it would have been prima facie obvious 
to immunize pregnant bitches in order to provide a high level of anti-CP V-l 
antibodies in colostrum to protect vulnerable pups. It would have been obvious to 
use attenuated or inactivated virus because it was know that the virus itself can 
induce a protective immune response in adult dogs. 

Office Action, page 7, lines 6-12. 

The Examiner's reasoning ignores the fact that although MVC was discovered about 40 
years ago and has long been recognized to cause severe pathology, no MVC vaccine has yet been 
developed. Prior to Applicants' invention, MVC vaccines were neither taught or suggested. This 
can be attributed to the fact that MVC is an entirely different virus from CPV-2, each having 
different genetic, antigenic and other properties. Applicants' claimed vaccines are novel and non- 
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obvious regardless of whether canines have been naturally afflicted by MVC and/or naturally 
have antibodies to this virus. Applicants' vaccines are not naturally occurring. 



Conclusion 

Applicants do not believe that any other fee is due in connection with this filing. If, 
however, Applicants do owe any such fee(s), the Commissioner is hereby authorized to charge 
the fee(s) to Deposit Account No. 02-2334. In addition, if there is ever any other fee deficiency 
or overpayment under 37 C.F.R. §1.16 or 1.17 in connection with this patent application, the 
Commissioner is hereby authorized to charge such deficiency or overpayment to Deposit 
Account No. 02-2334. 

Applicants submit that this application is in condition for allowance, and request that it be 
allowed. The Examiner is requested to call the Undersigned if any issues arise that can be 
addressed over the phone to expedite examination of this application. 



Respectfully submitted, 




Patent Department 
Intervet Inc. 
P.O. Box 318 
29160 Intervet Lane 
Millsboro,DE 19966 
(302) 933-4034 (tel) 
(302) 934-4305 (fax) 
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CHAPTER • 8 



Canine Viral Enteritis 

Dudley L McCow and Johnny D: Hoskins 



Since the late 1970s, viral enteritis has become recognized 
as one of the most common causes of infectious diarrhea 
dogs younger than 6 months. Canine parvovirus 
(CPV>1 and -2) canine coronavirus (CCV), and canine 
rottviruses (CRVs) have been incrimmated as priX 
pathogens. Astrovirus, herpesvirus, enteroviruses, calicivirus 
paranHuenza viruses, and viruslike particles have been iso- 
lated from or identified in feces from dogs -with diarrhea but 
their pathogenicity, is.uncertain. 21 - 29 - 51 ™=a, out 



CA NINE PARVQV1RAL ENTERITIS 

Etiology 

SSj™* J** * P""°*™«* CPV-2 and -I are extoWe? 
rtable andare resistant to adverse environmental influence! 
CTV-2* known to persist on Inanimate objects, such as doth- 
mg, food pans, and cage floors, for 5 montis 6r longer. 



vate Sv, a . aetergents and disinfectants fail to inacti- 
vate CTVs. A noteworthy exception is sodium hypochlorite 

S Tr^T™ h r aSeh0ld blcach to 30 P«* v,h?ch 
» m effective and inexpensive disinfectant. It is important 

a ^ e ^^vfra^te^ f s probAIy one of the most 



often fatal diseasi 



u«i oiuaios is proDaoiy one or the most 
a disorders of dogs. This highly contagious, 

doe \^ f J^F*' 2 haS r tfwgone genetic derations in the 
«J& with development of new strains of the virus.** 91 - 85 In 
fCPv™ ° n /l >i \^f in o{ , CPV - 2 solved into type 2a 
CPv1# ta j 9 J*< mother «i"t designated ty^e 2b 
lCPV-2b) appeared. These CPV-2 alterations were associated 
and « 1 ^W*».,«MWfag the parvovirus to replicate 

SmS ? ^^1*= dogs. In the United 

»3r«™- CPV-2a and -2b predominate" In 2000, 
, that allowed infection of cats/ Although CPV-2c has 

**Sce o i^ 



msttu^ alteration that control the host adaptation of 
CPV strains/ 1 For a further discussion of CPV strains to cats 
see Canine Parvovirus Infection of Cats in Chapter 10 
Epidemiology 

Natural CPV-2 infections have been reported in domestic 
dogs, bush dogs (Speothas venaticus), coyotes (Cams Ltirans) 

(Uirysocyon brackyurus); and most if not all Canidae are sus- 
tic^err^T 1 ^ ^ P roduC * d in domes- 

self-hmitaig. The original CPV-2 isolates produced only sy*- 
5^/ ^ons in dogs,'» whereas the nev£ 

H P J73 2 1 a 3. and J 2b ^ ™ av under ext^erimen- 

? P ' ■«» nato«l».'«eircumstances (see CharteHOUh 
domestic dogs, CPV-2 infection does not nece^arity result to 
apparent disease; many dogs that become naturally infected 



«. romauons in the structure of 
' (TfRJ of the virus has resulted 



i Sahrumena'-spfrta susceptible animals 

r Jh? fc ^ « nM *»«»* «>d most infections occur as a 
result of contact with contaminated feces in the environment 
hJZt Pe ° pl f' inStruraent5 [equipment in veterinary 
racdmes orjroommg. operations], insects, and rodents can 
3f "2?*2h D ° gS J m i y ^ tl»e virus on their hair 
S?- nfT Pf? 0 ^ T 11 " 5 incubation period of CPV-2 to 
the field is 7 to 14 days; experimentally, the incubation 
period has been found to be 4 to 5 days. With CTV2aand" 
4 torjSs mcubati011 P^ 0 ' 1 te *"« fid( l can be as brief as 
Acute CPV-2 enteritis can be seen in dogs of any breed 
age, or sex. Nevertheless, pups between 6 weeks and 6 months 
« age, and Rottweilers, Doberman pinschers, Labrador 
retrieve^ American Staffordshire terriersfGerma^shephe^ 
and Alaskan sled dogs seem to have an increased lisk*" 9 

Pathogenesis 

CPV-2 spreads rapidly from dog to dog via oronasal exposure 
W?K^? ated ^K 8 - 2 ^ V™ replication b^T£ 
andt,,^ ^ oro P h ™ mesenteric lymph SeJ 
and thymus and is oWminated to the intestinal crypts of the 
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smaU intertme by means of viremia. Marked plasma viremia 
, obs rjt} r *» 5 ty* •»» infection.. Subsequent to the 
^T^n ZmL i i 2e ? P re ^ ominatttI y in *e gastrointesti- 
nal (GI) eprthelnim Wng the tongue, oral and esophageal 
mucosae, and smaU intestine and lymphoid tissue, such as 
thymus, lymph nodes, and bone marrow. It may also be 
isolated from the lungs, spleen, liver, kidney, and 



Normally, intertbal crypt epithelial cells mature ih the 
small intestine and then migrate from the germinal epithelium 




Rg 8-1 Structure of 
Georgia, Athens, Ga.) 



of the mtestmal crypts to the tips of the villi (Fig. 8-3, A) 
After reaching the villous tips, the intestinal epithelial celt 
acquire their absorptive capability and aid in assimilating 
I"*™? 1 * ?ar T n " fafects , Ae epithelium of tie 

intestinal crypts, causing destruction and collapse of the 
epithelium (see Fig. 8-3, B). As a result, normal cell turnover 
O^uaMy between and 3 days in the small mte*ne)T 
unpaired, and the villi become shortened. CPV-2 also destroys 
mrtoticaDy active precursors of circulating leukocytes and 
tymphotd cells In severe infections, the results are often neu- 
fropema and lymphopenia. Secondary bacterial infections 
rrom gram-negative and anaerobic microflora cause additional 
comphcations related to intestinal damage, bacteremia and 
disseminated I intravascular coagulation 
SS;2T CXCreti0n ° f ^ Mns on the third 
or fourth day after exposure, generally before overt clinical 
signs appear. CPV-2 is shed extensively in the feces for a 
ZTT 1 ° f IVJl ^ of local intestinal 

5!r y U r most toPortan* in the termination of fecal 
^^ATaT 3 - titere can be detected 

as early as 3 to 4 days after infection and may remain fairly 
constant for at least 1 year. ' 

Clinical Findings 

CFV2 infection has been associated with two main tissues- 
GI tract and myocardium-but the skin and nervous tissue 
candso be affected. In addition, other clinical complied 
of secondary infection or thrombosis can occur. A marked vari- 
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Fifl 8-3 A, Normal intestinal villus snowing cellular differentiation alone the vil1.« R 
and ! necrosis of intestinal villus. {Courtesy University of GeorS^ Ga f 



ation is found in the clinical response of dogs'to intestinal 
infection with CPV-2, ranging from inapparent infection to 
acute fatal disease. Inapparent, or subclinical, infection occurs 
in most dogs. Severity of the CPV-2 enteritis depends on the 
animal s age, stress level, breed, and immune status. The most 
severe infections are usually in pups younger than 12 week 
because these^pups lack protective immunity and have an 
increased number of growing, dividing cells. 



?H £t t Sf 05ress "P" 11 * especially with the 

fT u C^' 2 - VwbW F fa often severa * fol- 
lowed by diarrhea, anorexia, and rapid onset of dehydration. 
Threes appear yellow-gray and are streaked or darkened by 
nSE ^ 8 " 4) ' Elevated recUl temperature (40° to 41« C 
[104" to 105° FJ). and leukopenia may be present, e^cially 
De 5* ca * occur « e"Iy as 2 days after the 
onset of illness and is often associated with gram-neEative 
£ or DIQw b ? k ^ neutoSniaf and 

RottweJer breed have been associated with a poorer chance 
of survival {unpublished data)." . 

Neurologic Disease 

™ ary n«»rologic disease may be caused by CPV-2 but more 
commonly occurs as a result of hemorrhage into the central 



polymerase chain reaction (PCR) from brain tissue of 




8-4 Dog with severe bloody diarrhea characteristic of 
r^parvoviral enteritis. (Courtesy University of Georgia, 



Chaptoiof (See Central NerVOUS System kfection in 



Erythema multiforme was diagnosed in a dog with parvoviral 
enteritis." Skin lesions included ulceration of the C 
pressure points, and mouth and vaginal mucosa. Vesicles in the 
oral cavity and erythematous patches on the abdomen and 
penvulvar skin were also present. Parvovirus wr ----- r 
the affected cells by unmunohistochemistry. 
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Canine parvovirus-2 Myocarditis 1 
CPV-2 myocarditis can develop from infection in utero or in 
pups younger than 8 weeks. All pups in a litter are usually 
affected. Pups with CPV-2 myocarditis often die, or they 
succumb after a short episode of dyspnea; crying, and 
retching. Signs of cardiac dysfunction may be preceded by 
the^ enteric form of the disease or may occur suddenly, 
without apparent previous illness. The spectrum of myocar- 
dial disease in individuals is wide and may include any of the 
following: acute diarrhea and death, without cardiac signs- 
diarrhea and apparent recovery Mowed by death, which 
occurs weeks or months later as a result of congestive heart 
failure; or sudden onset of congestive heart failure, which 
occurs in apparently normal pups at.6" weeks to 6 months of 
age. Myocarditis is still occasionally found in pups bom to iso- 
lated, unvaccinated bitches'" in contrast to its frequent occur- 
rence during the widespread epizootic outbreaks of the late 
1970s in CPV-naive dogs.' Myocarditis, with or without 
enteritis, has been associated with natural CPV-2a and -2b 
infections in 6- to 14-week-old dogs from Korea. 139 CPV 
infection appears not to be a common cause of heart disease 
because PCR analysis at necropsy of 2> 'dogs with either 
dilated cardiomyopathy or myocarditis did not detect CPV in 
any of the samples.* 3 



Dogs with naturally occurring CPV-2 infections have clinical 
and laboratory evidence of hypercoagulability*. These dogs 
may develop thrombosis or phlebitis with catheters or visceral 
thrombi. 

Baeteriuria 

Asymptomatic urinary tract infection has been detected in 
approximately 25% of pups following CPV-2 enteritis. 50 This 
predisposition was attributed to fecal contamination of the 
external genitalia in association with neutropenia. Untreated 
subclinical urinary tract infection may lead to chronic urinary 
infection as an undesirable consequence. 

Intravenous Catheter Infection 

Bacteria from GI or environmental origin have been isolated 
from the intravenous (TV) catheters removed from dogs being 
treated for suspected parvoviral infections. 55 Most of these 
orgamsms were gram-negative types (Sermtia, Adnobacter, 
Ctfro&actw; Klebsiella, and Escherichia). Most organisms were 
resistant to penicillins, first-generation cephalosporins, and 
macrolides while being susceptible to aminoglycosides, fluo- 
roquinolones, chloramphenicol, potentiated sulfonamides, and 
davulanate-potentiated penicillins. Despite the positive 
culture results of the catheter tips, none of the dogs showed 
systemic clinical signs of infection, and only one developed 
local phlebitis. 

Diagnosis 

The sudden onset of foul-smelling, bloody diarrhea in a young 
(under 2 years) dog is often considered indicative of CPV-2 
infection. However, all dogs with bloody diarrhea (with or 
vrithout vomiting) are not infected necessarily with CPV-2. 
Other enteropathogenic bacterial infections should also be 
^™v"? [see C"*!*** clinical signs characteristic of 

CFV-2 infection are seldom present at any one time Leukope- 
nia, although not found in all dogs, is usually proportional to 
toe severity of illness and the stage of disease at the time die 
blood is taken. Abnormal coagulation test results may include 
prolongation of the activated partial thromboplastin time 
increased thromboelastogram amplitude, and decreased 
antithrombin III activity.* 

Fecal enzyme-linked immunosorbent assay (ELBA) 
antigen tests are available for in-hospital testing for CPV-2 



infection (see Appendix 6). These tests are relatively sensitive 
and specific for detecting CPV-2 infection. 38 - 44 - 45 - 5 * However, 
the period of fecal virus shedding is brief; CPV-2 is seldom 
detectable by 10 to 12 days after natural infection. This cor- 
responds to 5 to 7 days of clinical illness. Positive results 
confirm infection or may be induced by all attenuated live 
CPV-2 vaccines (vaccine virus can yield a false-positive result 
in dogs 5 to 12 days after vaccination); negative results do 
not eliminate the possibility of CPV-2 infection. Generally, 
vaccine-induced reactions are weak positive compared with 
natural infection. 

CPV-2 typically produces lesions in the jejunum, ileum, 
mesenteric lymph nodes, and other lymphoid tissues. CPV-2 
can be isolated from these tissues or feces using tissue culture 
systems, if performed early. Later in the course of disease, 
virions become coated by antibodies and cleared. In most 
tissues, intranuclear inclusions are observed. In the glossal 
epithelium, these may appear as being within the cytoplasm, 
when in fact they originate in the nuclear space. 42 Immuno- 
chemical methods can also be used to detect virus in tissue 
culture, electron microscopy (EM) scan of feces or tissues (see 
Pathologic Findings in this chapter). PCR has been used as a 
specific and sensitive means of detecting CPV in feces of 
infected dogs. 68 - 73 ' 52 This method can also help to differenti- 
ate between virulent and vaccine CPV strains." 8 

As a general rule, parvoviruses cause hemagglutination of 
erythrocytes. Inhibition of hemagglutination by CPV-2 antis- 
«? "n be used to demonstrate serum antibody. The presence., 
of high hemagglutination inhibition (HI) titer in a single 
serum sample collected after the dog has been clinically ill for 
3 or more days is diagnostic for CPV-2 infection. Rising titers 
(seroconversion) can also be demonstrated when acute and 
10- to 14-day convalescent serum samples are compared 
using either canine or feline parvovirus in HI *nd virus neu« • - 
tralization (VN) tests. ELBA tests are also available that 
permit distinction between IgG and IgM. 111 In-office ELBA 
test kits are commercially available for semiquantitative 
[sG and IgM measurements (Immunocomb, Biogal Labs, 
Megiddo, Israel) 15 '- 136 and for determining adequate IgG 
titers for vaccination (CPV/CDV Test Kit, Synbiotics, San 
Diego, Calif). See Appendix 6 for further information on 
these products. 

Pathologic Findings 

Early lesions are most pronounced in the distal duodenum; 
later, the jejunum is more severely affected. The intestinal wall 
is generally thickened and segmentary discolored, with 
denudation of intestinal mucosa and the presence of dark, 
sometimes bloody, watery material within the stomach and 
intestinal lumen (Fig. 8-5). In mild cases, the lesions are not 
easy to distinguish from those of nonspecific enteritis. Enlarge- 
ment and edema of thoracic or abdominal lymph nodes have 
been observed . 

The intestinal lesions are characterized by necrosis of the 
crypt epithelium in the small intestine. Intranuclear viral 
inclusion bodies may be seen in these epithelial cells and 
throughout the squamous epithelia of the upper GI tract 52 
The pathologic changes may range from mild inflammation to 
diffuse hemorrhagic enteritis. The villi are shortened or oblit- 
erated, owing to lack of epithelial replacement by maturing 
crypt cells, resulting in collapse of the lamina propria (Fig. 8- 
6). Necrosis and depletion of the lymphoid tissue (eg., Peyer's 
patches; mesenteric lymph nodes, thymus, and spleen) are 
present Pulmonary edema or alveolitis may be observed in 
dogs dying of complicating septicemia. 136 Histologic exami- 
nation is usually definitive; however, specific identification 
of parvovirus in tissue specimens can be done by immunoflu- • 
orescence or other immunochemical methods. Using indirect 
fluorescent antibody (FA) testing, antigen in dogs with 
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Fig *-5 Span intestine at necropsy from a oogthat died sud- 
den y of parvoviral enteritis. Note the discoloration of the intes- 
tinal wall and fibrin on the serosal surfaces. (Courtesy Veterinary 
Pathology, University of Georgia, Athens, Ga.) 




R9 8-6 ttotoinicrogttphofmesinall intestine of a dog that 
™ .STTJS V,m We ^P** 1 ' ^ crypt luraina 

are dilated and filled with necrotic debris (HandE stain, xlOOI. 
(Courtesy Bany Harmon, University of Georgia, Athens, Ga.) 



lethal CPV enteritis can be found in the dorsal side of the 

5C SKSJ P S S 

SrSK f66 / % )' mesenteric nodes (50.4%), palatine tonsils 
(58.5%), and myocardium (1.9%).™ fa situ hybricUzation isa 
or wt k T^f ? o1 for ^ ide »^tion to formalin-feed 
1 wax-embedded tissue specimen. 134 
as r^r^ m y« ardit ^ when present, is recognized grossly 

f^ a l ' n C fi ™ of a nonsuppurative myocarditis with multi- 
^Ijntlltrabon of lymphocytes and plasma cells within 
' • 1 bodies 



l'' | M'''tj»"|n!i|iii|t(ii|riMjnit|Mii|Mit;ini|(ili| ^ 

JL?; 7 ^ ■ *• Art died of the myocardial form 

of CPV-2 rnfechon. Pale streaking of the myocardium is appar- 
ent A similar lesion will be noted with CPV-1 infection in 
LiT fa N hf* 3 Weekt (C0UItesy ^ Anhnai H<ahh . 



. — "»uirBaon 
«e myocardium. 
have been observ 



virus ; particles have been demonstrated by EM and by in situ 

hybridizatic« ,35 ta the fadtision bodies. 

Therapy 

The primary goals of symptomatic treatment for CPV-2 
enteritis are restoration of fluid and electrolyte balance and 
preventing secondary bacterial infections. Antimicrobial 
agents, motility modifiers, and antiemetic agents are given in 
Table 8-L Fluid therapy is probably the single most impor- 
tant aspect of clinical management and should be continued 
tor as long as vomiting or diarrhea (or both) persists. Hypo- 
glycemia and hypokalemia are common and should be cor- 
rected through jidditions to theTV fluids. Antimicrobial agents 
are recommended because the combination of severe disrup- 
tion of the intestinal epithelium allowing bacteria into the 
1^. P^P^ neutropenia increases the risk of 
*3*t A com ^? n bacteria appear to be Escherichia 

«&and Oo^umperfring^wn The best antibacterial 
spectrum is provided by combination of a penicillin and an 
aminoglycoside. £efore a nephrotoxic drug such as an amino- 
glycoside is administered, the patient should be folly 
hydrated Antiemetic drugs are helpful to reduce fluid loss and 
decrease patient distress and allows for enteral nutrition. 
Metoclopramide hydrochloride and prochlorperazine have 
proved helpful in most dogs with persistent vomiting. The 
serotonin receptor antagonists are the most efficacious 
antiemetics. Ondansetron and dolasetron have both been 
used m dogs. Drug therapy to alter gut motility is seldom 
recommended in the treatment of CPV-2 enteritis. If needed 
narcotic antispasmodics (e.g., diphenoxylate hydrochloride! 
loperamide hydrochloride) are preferred wheTmotSity 
modifiers ere needed. 

Although withholding food and water are general recom- 
mendations in treating GI diseases, including, parvovirus 
enteritis, recent information suggests this is not necessary. 
When dogs with parvovirus enteritis were fed begiiming on 
the first day of treatment (via nasoesophageal tube), their 
recovery- time was shortened, and they maintained body 
weight when compared with dogs that were treated the con- 
ventual meAod of withholding food until signs had ceased 
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•Dose per administration at specified in 
■Slow Infusion can be used for severe v 
'Administered after correction of dehydration. 
'Administered over 4 hours. it 
«SEPTI-SERUM; Immvac Inc., Columbia, MQ {Based on a concentration of >3Z0 mg of IgG/mL) 
'Hetastaich or Doctran 70. 



initial stage of CPV-2 enteritis, recommended adjunctive 
therapy has included transfusion of specific hyperimmune 
plasma or adniinistration of antiendotoxiti sera 1 * (see Passive 
Immunization, Chapter 100, and Drug Formulary, Appendix 
8). These adjuncts reportedly decrease mortality and the 
length of hospitalization'* but are expensive. A recombinant 
barteriddal-penheabihty^creasing fBPrj protein, which 
counteracts endotoxin, did not alter clinical outcome or sur- 
vival in dogs naturally infected with CPV-2* This result is 
despite increases in plasma endotoxin in affected animate. 

Recombinant human granulocyte colony-stimulating 
factor (G-CSF) has been advocated for the treatment of severe 
neutropenias induced by CPV-2 infection. 11 However, sup- 
plementing recombinant human G-CSF to neutropenic pups 
with CPV-2 infection did not change any aspect of their clin- 
ical outcome. 67 - 109 ' 1 10 The lack of efficacy of exogenous G-CSF 
is probably the result of already existent high levels of endoge- 
is G-CSF that are maximally stimulating the production of 



Dogs with experimental and natural parvovirus infec- 
. tion have been treated with recombinant feline IFN-m in 



high IV dosages (2.5 x 10 s units/kg) beginning early 
(4 days or less after infection) in the course of parvoviral infec- 
tion.' 5 - n60,66 Reduced signs of clinical illness and mortality 
were observed in treated dogs. See Drug Formulary Appen- 
dix 8 for further information on its availability and usage. 

Several therapies have been recommended and empirically 
would seem of benefit, but they have not been examined well 
enough to indicate that they are efficacious. 56 Some puppies 
arc severely anemic, which may be the result of GI loss of 
blood caused by the parvovirus enteritis, or it might be unre- 
lated to parvovirus such as parasitism. Transfusion of whole 
blood might benefit these puppies. Hypc^rotefaemia is 
present in some puppies. A whole blood transfusion will help 
resolve the problem, but if erythrocytes are not needed, a 
more appropriate therapy is plasma transfusion. Ideally, serum 
albumin concentration should be maintained at 2.0 g/dl or 
greater. If edema is present as a result of decreased proteins 
and is not corrected by a plasma transfusion,' then synthetic 
colloid such as hetastarch should be considered. Colloids 
should not be given until dehydration is corrected. Glucocor- 
ticoids and flunixin meglumine may have beneficial effects in 
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treating early sepsis or endotoxemia. These agents should not 
be used until dehydration is corrected, and repeated doses 
should not be given. 

The use of hyperimmune plasma might be questioned 
because/ at the time of clinical signs, the levels of antibodies 
are generally increased. However, pups that had a delayed or 
lower response are often more severely affected. Canine 
lyophilized IgG has been beneficial in treatment of dogs with 
naturally occurring CPV-2 infection. 58 Compared with control 
dogs, those receiving IgG as adjunctive therapy had reduced 
severity of disease, reduced cost of treatment, and reduced 
hospitalization time. 

Pups that survive the first 3 to 4 days of CPV-2 enteritis 
usually make a rapid recovery, generally within I week in 
uncomplicated cases. Severely ill pups that develop secondary 
sepsis or other complications may require prolonged 
hospitalization. * 

Prevention 

humanity After Infection 

A puppy that recovers from CPV-2 enteritis is immune to 
reinfection for at least 20 months and possibly for hfe. On 
reexposurc to the various strains of CPV-2, protected pups 
will not have increased serologic titers, show overt signs 
of illness, or shed virus in the feces, In general, a good corre- 
lation exists between serum antibody titer, determined by 
cither HI or VN testing, and resistance to infection. Serum 
antibody titers remain high for a prolonged period after 
CPV-2 enteritis, even if reexposure does not occur. If serum 
antibody titers become low, a localized infection is possible, 
but viremia and generalized illness are unlikely to develop. 
Although it may help in protection against entry of CPV-2, 
intestinal secretory IgA probably does not play a role in the 
longevity of protective immunity because intestinally derived 
antibody titers do not persist for longer than 15 days after 
infection. 

Immunization and Duration of Immunity 
Inactivated CPV-2 vaccines of sufficient antigenic mass 
protect dogs against -wild-type CPV-2 exposure. If protective 
immunity is defined as complete resistance to subclinical 
infection, then that produced by most inactivated CPVt2 vac- 
cines is short lived. Dogs vaccinated with inactivated CPV-2 
vaccine can become subclinicaliy infected as early as 2 weeks 
after vaccination. If a dog is given sequential doses of inacti- 
. vated CPV-2 vaccine, however, a rapid secondary immune 
response is mounted, and the dog is protected for as long as 
15 months. 

^Commercially prepared attenuated live and inactivated 
CPV-2 vaccines are available. These vaccines produce varying 
levels of protective immunity and are safe either alone or in 
combination with other vaccine components. Transient lym- 
phopenia occurs 4 to 6 days after the acbiinistration of some 
. attenuated live CPV-2 vaccines. Most attenuated live CPV 
vaccine strains replicate in the intestinal tract and are briefly 
shed in the feces. Although concern has been, expressed about . 
the p^ibility of attenuated CPV-2 vaccine undergoing rever- 
sion of virulence and causing apparent disease, experimental 
studies have shown that modified live virus (MLV) CPV-2 
vaccines are safe." The events following administration of 
attenuated live CPV-2 vaccines parallel those following 
wild-type CPV-2 infection. On day 2 after subcutaneous {SCJ 
administration of vaccine, viremia and systemic distribution 
°awr with shedding from GI tract on days 3 to 10. One dif- 
ference between vaccine-induced and wild-type infections is 
jaat lower quantities of virus are shed after vaccination, 
"umoral immune responses to attenuated live vaccines that 
paw been studied are similar to those observed with wild-type 



Serum antibody is usually detectable 3 days after vaccina- 
tion, with levels rising rapidly to those observed after "sub- 
sequent natural infection. Even if reexposure does not occur, 
protective antibody titers may persist for at least 2 years, and 
dogs exposed during this time should not become infected. 
Vaccination with potentiated attenuated CPV-2 vaccine has 
been shown to protect dogs on subsequent experimental 
challenge exposure. 115 On the basis of serum antibody titers, 
in a veterinary hospital setting, 27% of the dogs being 
evaluated for revacdnation had titers below the protective 
level for CPV-2.' 5 Although serum antibody titers are not 
absolute indicators of protection, they have a good correlation 
with protection against CPV-2 infection (see also Canine Par- 
voviral Infection, Chapter 100]. Even systemic chemotherapy 
for neoplasia in dogs did not affect serum CPV-2 antibody 
titers. 33 

Attenuated Live CPV-2 Immunization 
Contrary to publicized information, vaccination failure is not 
related to strain differences between field and vaccine strains. 
The primary causes of failure of vaccines are interfering levels 
of maternal antibody to CPV-2* 18 * and lack of sufficient sero- 
conversion to the CPV-2 vaccine administered. The age at 
which pups can be successfully immunized is proportional to 
the antibody titer of the bitch, effectiveness of :olostraI trans- 
fer of maternal antibody within the first 24 hours of life, and 
irnmunogenicity and antigen titer of the CPV-2 vaccine: Pups 
from a bitch with low protective titer of antibody to CPV-2 
can be successfully immunized by 6 weeks of age, but in 
pups from a bitch with a very high titer to CPV-2, maternal 
antibody may persist longer. 9 * 

Without knowledge of the antibody status of each puppy, 
recommending a practical vaccination schedule that will 
. protect all of them is difficult. In addition, pups become sus- 
ceptible to wild-type CPV-2 infection 2 to 3 weeks before 
they can be immunized. No vaccines are available that com- 
pletely eliminate this window of susceptibility before pups 
become immunized. 96 With the potentiated vaccines presently 
available, which are more immunogenic than the original or 
conventional CPV vaccines, low levels of- maternal antibody 
will not prevent successful response. Pups of unknown 
immune status can be vaccinated with a high-titer-attenuated 
live CPV-2 vaccine at 6, 9, and 12 weeks of age and then 
revacdnated annually. 37 A check for serum antibody level or 
an additional vaccination might be done at 1 5 to 16 weeks of 
age, especially in breeds that are at increased risk for CPV-2 
enteritis.' 3 See'-d&ussion of parvoviral infection in Chapter 
100 for additional information. 

Attenuated Live Canine Varvovina-lb Immunization 
Although not currently commercially available, experimental 
use of a modified live vaccine derived from CPV-2b produced 
higher antibody titers to CPV-2b and CPV-2 than did a 
vaccine derived from CPV-2. 10 * In addition, the CPV-2b 
vaccine was able to produce a titer increase in puppies with 
higher maternal antibody levels."" 

Experimental Vaccines 

A large number of genetically engineered vaccines have been 
developed in an attempt to improve the protection afforded 
by inactivated products while reducing the antigenicity of the 
potentiated vaccines. A DNA vaccine containing a plasmid 
encoding the full length of the viral protein (VP) I region of 
CPV-2 protected 9-month-old pups from , clinical signs and 
fecal shedding of virus experimental chaUenge-infection. 48 A 
vaccine based on a recombinant plant virus expressing the 
VP2 peptide, coded by a subset of the VP 2 gene, protected 
against clinical disease, with limited fecal shedding following 
challenge. 53 Neither of these vaccines produced sterile immu- 
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nity as follows attenuated CPV-2 vaccination. Intranasal or SC 
vaccination of mice with a plant virus expressing a CPV-2 
peptide elicited systemic and mucosal antibody responses.' 9 ' 80 

Husbandry 

CPV is one of the most resistant viruses to infect dogs. As a 
result, the hair coat and environment of the ill dog become 
contaminated. Diluted household bleach (1:301 with water 
should be applied to tolerable surfaces or used as a dip for 
animals leaving isolation facilities. Bleach should be added to 
washing of all utensils and bedding. The solutions require a 
10-minute minimum exposure time. Hie shedding period is 
so short (under 4 to 5 days following the onset of illness) that 
the environment is of major concern. The virus can persist for 
months to years away from sunlight and disinfectants. Steam 
cleaning can be used fork " 



that do not tolerate hypochlorite For further information on 
disinfection, see Chapter 94. 

Public Health Considerations 

Studies have failed to find any evidence, of human infection 
by CPV-2, even among kennel workoi in heavily contami- 
nated premises, although people apparently can act as 
passive transport vehicles for the virus between dogs. 
Although CPV-2 is not itself a human pathogen, extra care 
should always be practiced in handling fecal materials from 
diarrheicar* 1 



CANINE PABVOV1RUS-1 INFECTION ■ 
Etiology 

In 1967, CPV-1 (also referred to as minute virus of canines 
- - [MVCJ) was- first isolated from the feces of military dogs. 
Physical and chemical properties of CPV-1 are typical of par- 
voviruses. CPV-1 is distinctly differentiated from CPV-2 by lis 
host cell range, spectra of hemagglutination, genomic proper- 
ties, and antigenicity. 7 Using genetic analysis, it is most closely 
related to bovine parvovirus , 7 

CPV-1 can be propagated on the Walter Reed canine 
(WRC) cell line. By HI tests, CPV-1 is serologically distinct 
from parvoviruses of a number of other species. Apparently, 
CPV-1 and CPV-2 are different viruses; no homology in DNA- 
restriction sites between the two viruses has been demon- 
strated using several restriction enzymes. 

Epidemiology 

The domestic dog is the only proven host, although other 
Canidae are likely susceptible. Before 1985, CPV-1 was con- 
sidered a nonpathogenic parvovirus of dogs. Since that time, 
clinical infections of CPV-1 in neonatal pups have been 
encountered by practicing veterinarians and diagnostic labo- 
ratory personnel. Serologic evidence indicates that its distri- 
bution is widespread in the dog population but is usually 
■ restricted to causing clinical disease in pups younger than 3 
weeks," but disease has been reported in pups 5 weeks of 
age.™ A reasonable assumption is that the spread is similar to 
that of CPV-2. Although it was first identified in the United 
States, isolations have been made worldwide,® and similar to 
CPV-2, it is likely ubiquitous. 

Pathogenesis 

The virulence of CPV-1 for dogs is uncertain; however, it has 
been identified by imrounoelectron microscopy in the feces of 
pups and dogs with mild diarrhea. Between 4 and 6 days after 
oral exposure, CPV-1 can be recovered from the small intes- 
tine, spleen, mesenteric lymph nodes, and thymus. Histologic 
changes in lymphoid tissue are similar to those observed in 



pups infected with CPV-2 but less severe. In addition, CPV-1 
is capable of crossing the placenta and producing early fetal 
death and birth defects.' Experimental oronasal infection of 
neonatal specific pathogen-free (SFF) pups, with laboratory 
isolates from pups dying of enteric illness, produced only mild 
respiratory disease.* Naturally induced disease in young pups 
has been characterized by enteritis, pneumonia, and myocardi- 
tis. 47 Naturally infected dogs have been shown to have 
a reduction in both numbers and killing activity of 
phagocytes. 14 

Clinical Findings 

CPV-1 has been observed infrequently in field dogs with mild 
diarrhea, as well as in the feces of clinically healthy animals. 
Primarily, CPV-1 infection is a cause of enteritis, pneumoni- 
tis, myocarditis, and lymphadenitis in pups between 5 and 21 
days of age. 31 Many of these pups have mild or vague symp- 
toms and eventually die, being classified as "fading pups." 
Affected pups usually have diarrhea, vomiting, and dyspnea 
and are constantly crying. Some puppies have respiratory 
disease with no enteric signs. 100 Sudden death with few pre- 
monitory signs has also been observed. Because of transpla- 
cental infections, this virus can cause failure to conceive or 
fetal death or abortion. 



CPV-1 infection should be considered in young (under 
8-week-old) pups with mild diarrhea that clinically or histo- 
logically resemble CPV-2 disease but are serologically CPV-2 
negative, or in unexplained fetal abnormalities, in abortions, 
or in fading pups. CPV-1 will not cross react with any of the 
serologic or fecal detection methods for CPV-2. EM has 
observed CPV-1 in fecal and rectal swab samples from field 
■ dogs, Immunoelectron microscopy is necessary to distinguish — 
CPV-1 from CPV-2. Inhibition of hemagglutinating activity in 
stool suspensions by specific antiserum is also diagnostic for 
CPV-1. To determine exposure, sera can be tested for specif 



antibody with VN or HI tests. Because only the WRC cell line 
supports growth of CPV-1, the availability of virus isolation 
and serum VN tests is limited. 

Pathologic Findings 

Pathologic changes in nursing pups have included thymic 
. edema and atrophy, enlarged lymph nodes, pasty soft stool in 
the intestinal tract, and pale gray streaks and irregular areas 
deep within the myocardium as found with CPV-2 (see Fig. 8- 
7). Histopathologic lesions are predominantly restricted to 
large intranuclear epithelial inclusions at the tips of the villi in 
the duodenum and jejunum. These inclusions are eosinophilic 
and often fill the nudeL Other intestinal changes noted include 
crypt epithelial hyperplasia and single-cell necrosis of crypt 
epithelial cells. Lesions seen in other tissue include moderate 
to marked depletion or necrosis (or both) of lymphoid cells of 
Beyer's patches and thymus, severe pneumonitis with exudate 
in airways, and mineralized focal to diffuse areas of myocardial 
necrosis with cellular infiltration. 

Therapy and Prevention 

Once a diagnosis has been made, treatment of pups suffering 
CPV-1 infection is unrewarding because of the rapid progres- 
sion of the disease. However, mortality may be reduced by 
ensuring that the environmental temperature of newborn 
pups is kept warm and by adequate nutrition and hydration. . 
No vaccine is available at present. 

Public Health Considerations 

No known public health concern exists; however, extra care 
should always be practiced in handling sick pups and. fecal 
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material from diarrheic animals because other entero- 
pathogens may be present. . 

CANIN E CORONAVIRAL ENTERITIS ; 



CCV is a member of the virus family Qronaviriije belonging 
to the order Nidovirales (Fig. 8-8). Different coronaviruses of 
this family infect a large number of species, including humans, 
cattle, swine, dogs, cats, horses, poultry, rats, and mice (seeTable 
1 1-1). To date, several strains of CCV have been isolated from 
outbreaks of diarrheal , disease in dogs. The virus genome is 
composed of a single-stranded RNA chain; replication occurs in 
the cell cytoplasm of die host. Coronaviruses are fairly resistant 
and can remain infectious for longer periods outdoors at frozen 
temperatures. The virus loses infectrvity in feces after approxi- 
mately 40 hours at room temperature (20° C] and 60 hours 
when refrigerated (4* Q. 123 Coronaviruses can be inactivated 
by most commercial detergents and disinfectants. 

Epidemiology 

In 1971, a CCV was isolated from feces of military dogs that 
were suffering from suspected infectious enteritis. Since then, 
several outbreaks of contagious enteritis have occurred and a 
similar coronavirus has been isolated. The true importance of 
CCV as a cause of infectious enteritis in dogs is unknown; 
however, CCV was genetically detected 3 or isolated 70 from 
16% or 57%, respectively, of dogs with diarrhea in Japan. Sero- 
logic testing of Australian dogs showing signs of diarrhea 
revealed that 85% were positive for CCV-IgM antibodies, 
which indicates recent infection. 78 Serologic information 
suggests that CCV has been present indefinitely in the dog 
_ population_and is an infrequent cause of infectious enteritis. 
CCV is highly contagious and spreads rapidly through groups 
of susceptible dogs. Neonatal pups are more severely affected 
than those of weaning age and adult dogs. CCV is shed in the 
feces of infected dogs for weeks to months or longer, and fecal 
contamination of the environment is the primary source for 
its transmission via ingestion.' 24 




175 nm 



8-8 Structure of coronavirus. (Courtesy University of 
Georgia, Athens, Ga.) 



Pathogenesis 

The incubation period is short 1 to 4 days in the field and 
only 24 to 48 hours experimentally. CCV can generally be iso- 
lated from the feces of infected dogs between 3 and approx- 
imately 14 days after infection. 

After ingestion, CCV goes to the mature epithelial cells of 
the villi of the small intestine. 1 "' 125 After uptake of CCV by M 
cells in the dome epithelium of Peyer's patches virus and viral 
antigen is transported to the underlying lymphoid tissue. 
Uptake in the gut lymphoid tissue suggests that CCV may 
persist or become latent in dogs, similar to the situation for 
feline coronavirus. Genetic analysis suggested that nucleotide 
substitutions occurred in the transmembrane protein M gene 
during the time of clinical illness. 10 * The virus also rapidly 
reproduces within epithelial cells and accumulates within cyto- 
plasmic vacuoles. Virions from these vacuoles may be released 
directly into the external environment via the apical plas- 
malemma or may be released after lysis of the apical cytoplasm 
of infected cells. After production of mature virus, infected cells 
develop severe cytoplasmic changes, and the microvilli of the 
brush border become short, distorted, and lost The overall 
result is that infected cells become lost from the vuli at an accel- 
erated rate and are replaced by increased replication rate of 
immature cells in the crypts of the mucosa. Crypt epithelium is 
not destroyed; on the contrary, hyperplasia develops. Affected 
villi become covered by low columnar to cuboidal epithelium, 
show variable levels of villous atrophy and fusion, and become 
infiltrated by mononuclear cells in the lamina propria. Unlike 
CPV infection, villius necrosis and hemorrhage are rare. . 

Dogs can have CCV and CPV infections simultaneously, 
and some studies suggest that CCV infection enhances the 
severity of CPV infection. Conversely, three of four puppies 
in a Utter died from CCV enteritis 2 weeks after surviving 
CPV enteritis. 107 Concurrent infections with canine aden- 
ovirus-1 and CCV was suspected as the cause of severe enteric 
disease in an animal shelter.™ Other enteropathogens such as 
Clostridium peifrin&ms, Campylobacter spp., Helicobacter spp., 
and Salmonella spp. may increase the severity of CCV illness 
(see Chapter 39). 

Clinical Findings 

Differentiating CCV from other infectious causes of enteritis 
is difficult. Theories suggest that CCV infection is usually less 
dramatic than CPV-2 infection. The clinical signs can vary 
greatly, and dogs of any breed, age, and sex are affected. This 
finding contrasts, with CPV infections in which affected dogs 
are usually yotogtrthan 2 years. Infected dogs usually have a 
sudden onset of diarrhea preceded sometimes by vomiting. . 
Feces are characteristically orange in color, very malodorous, 
and infrequently contain blood. Loss of appetite and lethargy 
are also common signs. Unlike CPV-2 infection, fever is not 
constant, and leukopenia is not a recognized feature. 

In severe cases, diarrhea can become watery, and dehydra- 
tion and electrolyte imbalances can follow. Concurrent ocular 
and nasal discharges have been noted, but their relationship 
to the primary infection is unknown. Most of the dogs affected 
recover spontaneously after 8 to 10 days. When secondary 
complicating factors are present (parasites, bacteria, or other 
viruses), the disease cm be significantly prolonged. 

Diagnosis 

Making a definitive diagnosis of CCV-induced disease is diffi- 
cult. EM can detect CCV in fresh feces. Approximately 1 x 
10 s virions are needed in ^concentrated fecal samples for 
identification of CCV by EM; thus false-negative findings are 
possible. Viral isolation is difficult because CCV does not grow 
well ih tissue or cell culture systems. A highly sensitive reverse 
transcriptase PCR has been developed to detect CCV in fecal 
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spedmens. 2W8 - ,M Serum VN and ELISA tests for CCV anti- 
body have been developed." 1 Positive CCV serum titers of 
affected dogs can only confirm exposure to CCV, and serum 
IgG titers have no relationship to protection as do intestinal 
secretory IgA titers. . 

Pathologic Findings : 

Mild infections are' grossly unremarkable. In severe cases, the 
intestinal loops are dilated and filled with thin, watery, 
green-yellow fecal material. Mesenteric lymph nodes are 
commonly enlarged and edematous. 

Atrophy and fusion of intestinal villi and a deepening of 
the crypts characterize the intestinal lesions of CCV. Also 
present are an increase in cellularity of the lamina propria, 
flattening of surface epithelial cells, and discharge of goblet 
cells. With well-preserved tissues, FA staining can' enable 
specific detection of virus in the intestinal lesions. 

Therapy 

Deaths associated with diarrheal disease are uncommon but 
occur in pups as a result of electrolyte, and .water loss with 
subsequent dehydration, acidosis, and" shock. Management 
must emphasize supportive treatment to maintain fluid and 
electrolyte balance as described for CPV-2 infection. Although 
rarely indicated, broad-spectrum antimicrobial agents can be 
given to treat secondary bacterial infections. Good nursing 
e, including keeping the dogs quiet and warm, is certainly 



Prevention 

Inactivated and MLV vaccines are available for pr ote ction 
against CCV infection. 23 - 87 Two doses 3 to 4 weeks apart and 
annual revacdnation are recommended for immunization of 
- dogs regardless of age. These vaccines are relatively safe but 
provide incomplete protection in that they reduce but do not 
completely eliminate replication of CCV in the intestinal tract 
after challenge. 68 - 89 Assessing the role of die CCV vaccines in 
protection against disease is difficult because CCV infections 
Me usually inapparent or cause only mild signs of disease. For 
additional information on vaccination, see Coronaviral Infec- 
tion in Chapter 100. 

Public Health Considerations 

CCV is not believed to infect people. Coronaviruses are not 
strictly host specific; thus the possibility of human infection 
cannot be excluded. For this reason, extra care should always 
be practiced in handling sick pups and fecal material from 



CANINE ROTAV1RAL INFECTION 



Etiology 

Rotaviruses are recognized as important enteric pathogens in 
many animal species and in people: They are sometimes 
referred to as duovirus, reovirus-like, and rotalike virus agents. 
Currently, rotaviruses are classified as distinct members of the 
family Reoviridcu. CRV is a double-stranded RNA, nonen- 
veloped virus that is approximately 60 to 75 run in diameter 
(Fig. 8-9). CRV is resistant to most environmental conditions 
outside the host 

Rotaviruses have been isolated in tissue cultures or 
observed by EM of specimens, from many species, including 
mice, monkeys, calves, pigs, foaU lambs, humans, rabbits, deer, 
cats, and dogs. 

Epidemiology 

Rotaviruses are transmitted by fecal-oral contamination. The 
viruses are well adapted for survival outside the host and for 




Fig 8-9 Structure of rotavirus. (Courtesy University of 
Georgia, Athens, Ga.) 



passage through the upper Gl tract Serum antibodies to 
rotavirus have been identified in dogs and cats of all ages. 

Pathogenesis 

Rotaviruses infect the most mature epithelial cells on the 
- luminal tips of the small intestinal villi, leading to mild-to- - 
moderate villous atrophy. Infected cells swell, degenerate, and 
desquamate into the intestinal lumen, where they release a 
large number of virions that become sources of infection for 
lower intestinal segments and for other animals. Necrosis of 
itrtavirus-infected cells is most pronounced 18 to 48 hours 
after oral infection. Necrotic cells are rapidly replaced by 
immature crypt epithelium. Clinical signs result primarily 

from the villous atrophy, leading to mild to moderate 
maldigestion and malabsorption and osmotic diarrhea. 

Clinical Findings 

Most clinical rotaviral infections have been demonstrated in 
the feces of pups younger than 1 2 weeks, with mild diarrhea. 
Some cases of severe fatal enteritis associated with CRV have 
been reported to occur in pups as young as 2 weeks. The 
clinical signs are usually not as severe as those for the other 
canine enteric viruses (CPV-2 and CCV) . A watery to mucoid 
diarrhea is usual, and this lasts for 8' to 10 days. The pups 
usually remain afebrile. CRV may contribute to enteric disease 
in mixed viral infections. 



Most pathogenic rotaviruses share common group-specific, 
internal capsid antigens that can be detected by many 
methods, including commercial fecal ELISA (Rotazyme, 
Abbott tabs, N. Chicago, III.; Enzygnost, Behring Inst, 
Marburg, Germany) and latex agglutination (Rotalex, Orion 
Diag, Helsinki, Finland; Slidex Rota-kit, Biomerieux, 
Marcy-l'Etoile, France) tests used to diagnose human 
rotavirus infection (see also Appendix 6). 1 " Rotaviruses can 
also be identified in fecal specimens by EM, although care 
must be taken to differentiate rotaviruses from the apparently 
nonpathogenic reovimses occasionally present in dog feces. 
EM improves specificity of the test Testing for seroconversion 
is possible but not widely available. 



CHAPTER 9 • Canine Viral Papillomatosis 



pathologic Findings 

p-thdlogic changes are limited to the small intestine, consist- 
L e of mild to moderate villous blunting. The virus can 
be detected in frozen sections by fluorescent antibody 
techniques. 

Therapy and Prevention 

Most dogs recover naturally from their infection. Treatment, 
if needed consists solely of symptomatic therapy as described 
for CPV-2 enteritis. No vaccines are available for CRV, and 
current estimates of the frequency and severity of die disease 
do not appear to justify vaccine development 

public Health Considerations 

Rotaviruses are generally host specific; however, the various 
strains cannot be easily distinguished, and the possibility of 
human infection cannot be eliminated. Rotaviral infections in 
people usually occur in young infants and children (younger 
than 4 years). Poor sanitation and hygiene, as exist in devel- 
oping countries, increase the prevalence of infection. Persons 
handling feces from diarrheic dogs should take routine 
precautions. 

OTHER VIRAL ENTERIT1DES 

A large number of other viruses have been identified in feces 
of dogs both with and without diarrhea. For the most part, 
the pathogenicity and importance of these viruses as causes 
of infectious enteritis remain unknown. Based on work in 
other species, some viruses may be true enteric pathogens, 
whereas others are most likely incidental findings. 

Astrovirus-Iike particles have been reported in the stools 

. of. clinically . healthy,_and diarrheic. dogs,_ AsUwiroses are . 
known to cause enteritis in other species, such as swine, but 
whether this is either true or common in the dog is unknown. 
The viruses have also been identified in diarrheic cats (see 
Chapter 12). ... , 

A herpesvirus antigenicaUy related to feline herpesvirus has 

. been isolated from a dog with diarrhea, but Koch's postulates 



have not been fulfilled. 51 Similarly, the importance of serologic 
reactivity of some dogs to human echoviruses and coxsack- 
ieviruses is unclear (see also Enteroyiral Infections, Chapter 

An apparently specific canine cahdvirus has been isolated 
oh several occasions from the feces of dogs- with enteritis, 
sometimes alone and sometimes in conjunction with other 
known enteric pathogens.' 11 " Similarly, an antigenicity dis- 



tinct parainfluenza virus, isolated from a dog with blot 
diarrhea, was believed to be causal (see Chapter 7). 

The study of viral enteritis in dogs is in its infancy, 
Undoubtedly, there are other viruses that affect the GI tract 
of dogs, but they remain to be discovered arid characterized. 
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Canine Viral Papillomatosis 
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ETIOLOGY 



The papillomavirus was first described in 1933 when Shope 
discovered the agent responsible for cutaneous papillomas 
in the cottontail rabbit." Multiple canine papillomas in dogs 
are uncommon, comprising less than 12.5% of canine skin 
tumors. 20 Benign mucocutaneous tumors of epithelial origin 
are caused by infectious papillomavirus of the Papotmnridae 
family. The papilloma viruses are categorized with the poly- 
omaviruses to form the papovaviruses. Members of this family 
are small (33 to 60 nm), nal ' 



stranded circular DNA tumor viruses, similar in structure to 
but larger than parvoviruses; they form crystalline structures 
within the nuclei of infected cells? 2 ' 54 These viruses lack a lipid 
envelope and are acid stable and relatively thermostable, 
which may explain much of their inherent resistance. Papil- 
lomaviruses are naturally oncogenic, producing benign warts, 
and are usually species and site specific. Cross-species infec- 
tion of horses by bovine papillomaviruses type 1 and type 2 
have been reported. 13 Most isolated viruses lack serologic 
cross-reactivity. Although antigenicaUy distinct, papillo- 
maviruses of humans, catde, horses, dogs, and cats share at 



